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The Diels-Alder reaction between 2-methyl-1-vinylcyclohexene (I) and malelo 
anhydride has been investigated by three groups (1-3). Wang and Hu (3) recog- 
nized that the previous work had employed impure samples of diene and that 
the adducts which had been isolated actually resulted from the reaction of 6- 
methyl-1-vinylcyclohexene (11) with the maleic anhydride. Wang and Hu then 
claimed to have prepared the true adduct of I vi th  maleic anhydride. In  view of 
the unexpectedly high boiling point reported for I by these workers, doubt ie 
cast on the structure of their adduct. We have been unable to isolate adducts 
from the reaction of diene I with either maleic anhydride or quinone, even when 
temperatures up to 180" were employed.2* * 

A mixture of 75% I and 25% I1 was prepared in five steps in 37% over-all 
yield from o-methylcyclohexanone. The ketone was condensed with ethyl brom- 
oacetate in the presence of zinc, and the Reformatsky ester was dehydrated 
with thionyl chloride in pyridine. It seems most probable that the mixture OS 
two compounds arose at this point and that the dehydrated product was 75% 
111 and 25y0 IV. The two unsaturated esters were reduced with lithium alumi- 
num hydride, converted to the acetate, and cracked at 600' Lo give the mixture 
of 75% I and 25% 11. 
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The constitution of this mixture of dienes was inferred from the fact that 
under a variety of conditions the yield of adduct (V) with quinone was always 
20-25%'0, and that the adduct was derived entirely from 11. The reaction with 
maleic anhydride gave similar results. This ratio of dienes was supported by the 
ultraviolet absorption spectrum which showed peaks at  233 mp and 229 mp, 
thereby agreeing with those calculated (232 mp and 227 mp) for 1 and I1 by the 
use of Woodward's rules (4). 

This work was supported by a research grant from Bristol Laboratories, Inc. 
Dr. James Walker has informed us that  he has also found that  I fails tQ react with 

quinone. 
* Added in Proof (Oct. 7, 1962): Since this article was submitted, Robins and Walker 

have reported the adduct of II with quinone [J .  Chem. Soc., 1610 (195Z)l. We are happy to 
cosrobora,te their result. 
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The adduct with quinone (V) was proven to be derived from I1 by degrada- 
tion with zinc and then sulfur to 1-methylphenanthrene. The adduct was rear- 
ranged to  the corresponding hydroquinone and oxidized to the corresponding 
quinone. These two compounds were interconverted. Reduction of the conju- 
gated double bond in V was also successful in giving VI. The stereochemical 
configurations of these compounds can be tentatively assigned by the same a r e -  
ments used for the adduct of quinone with 1-vinylcyclohexene (5 ) .  
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EXPERIMENTAL 

8-Methyl-1-vinylcyclohexene (I) and 6-methyl-I-vinylcyclohexene (11). o-Methylcyclo- 
hexanone was converted t o  the mixture of unsaturated esters (111 and IV) by the method 
of Chuang, Tien, and bla (6). The unsaturated esters were reduced t o  the unsaturated al- 
cohols in  87% yield with lithium aluminum hydride in ether. The unsaturated alcohol mix- 
ture had the following properties : b.p. 100-104"/12 mm.; n i  1.4927. The unsaturated alcohols 
were converted t o  the acetates (b.p. 106-107"/11 mm.; do 1.4685) in  86% yield. The acetates 
were cracked by distilling them through a glass tube heated t o  600". The yield of dienes 
(b.p. 76-77'/40 mm. ; do 1.4938-1.4972) was 70-92% in  conversions of ll-40%. 

4a,Qb16,6,7,8, 10: 1Ga-Octahydro-8-nzeChyl-l,4-phenanthrenepuinone (V). The mixture of 
methylvinylcyclohexenes (I  and 11) (3 g., 0.0246 mole) was added t o  3.0 g. (0.0278 mole) of 
quinone dissolved in 50 ml. of methanol. The solution was stirred briefly and allowed Lo 
stand 12 hours. Water was added t o  give 1.45 g. (25%) of large pale-yellow crystals of 4a,- 
I b ,  5,6,7,8,lO,lOa-octahydro-8-methyl-l,4-phenanthrenequinone (V), map. 118-122". Re- 
crystallization from methanol gave colorless prisms, m.p. 122-124". 

Anal .  Calc'd for C16Hla02: C, 78.2; H, 7.88. 

Similar yields mere obtained when the reaction was conducted in refluxing benzene or in 
alcohol solutions. Treating the unreacted diene with quinone or maleic anhydride up t o  
180" failed to  yield an isolatable adduct. 

Conversion to I-methylphenanthrene. The adduct (V) (500 mg,) 'cvas heated a t  250-270' 
for two hours in a mixture of 0.5 g. of sodium chloride, 0.5 g. of zinc chloride, and 2.5 g. of 
zinc dust. The mixture was cooled and extracted with benzene and water. The benzene ex- 
tract was evaporated t o  dryness and then heated a t  200-220" for two hours with 1.5 g. of 
sulfur. The reaction mixture was distilled t o  give an orange gum, b.p. 120-130" a t  0.1 mm. 
The gum was dissolved in  benzene and passed through a short column of alumina t o  give 
85 mg. (20%) of pale yellow needles of 1-methylphenanthrene, m.p. 107-110". Recrystal- 
lization from methanol raised the m.p. t o  116-119", with no depression when mixed with an 
authentic sample. 

Found: C, 78.2; H, 8.09. 
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4b,b,6,?, &,ZO-Bsxahyd.ro-8-methy~-~ ,4-dihydroxyphenanthrene. The initial adduct (V) 
(50 mg.) was dissolved in 5 ml. of ethanol and one drop of concentrated hydrochloric acid 
was added. The solution mas warmed on the steam-bath for ten minutes and then water 
rli'a~ added t o  give 40 mg. (80%) of colorless needles of 4b,5,6,7,8,1O-hexahydro-S-methyl- 
1,4-dihydroxgphenanthre~e, m.p. 166-169". Sublimation a t  90-100" and 0.1 mm, raised the 
m.p. t o  170-171'. 

Anal.  Calc'd for C I ~ E I ~ ~ O Z :  C, 78.2; N,  7.88. 

46,6,0,7,8,IQ-Bezahydro-S-nzelhyl-i ,Q-phena?itRrenepuiT7oiae. A solution of B g. of the 
original adduct (V) and 0.25 g. of seleniuni dioxide in 50 ml. of dioxane was refluxed for six 
hours. Then 60 ml. of water was added and the solution mas evaporated to  about 20 ml. A 
mixture of selenium and yellow needles separated. The precipitate wa8 dissolved in ethanol 
and filtered t o  remove selenium. Addit,ion of water gave 510 ing. of yellow needles, m.p. 
68-74'. The product W H S  contaniinated with selenium, and after five recrystallizations from 
ethanol, traces of selenium still remained in the product. DistillaAion a t  80-85' and 0.18 
mm. and crystallization from methamol gave 432 mg. (44'3,) of yellow needles of 4b,6,6,7,8,  - 
l0-hexahydro-8-methyl-l,4-phe11anthrenequinone, ".I). 88-89'. 

Found: C, 78.6; H, 8.26. 

Anal. Calc'd for ClhHI6Oa: C, 78.9; K, 7.06. 

Oxidation of 4bb,b,6, 7,8, IO-hesahydro-8-methyl-1 ,~-dihydroxypherLanthrsxe. The hydro 
Found: C, 79.1; H, 6.46. 

quinone was oxidized t o  the quinone by the method employed by Fieser with other hydro- 
quinones (7). Sodium nitrite was added to 435 mg. of the hydroquinone in 28 d. of glacial 
acetic acid. The solution was warmed on the steam-bath during the addition. When the 
eolution remained yellow after expulsion of oxides of nitrogen, the addition was stopped. 

A solution 01 150 mg. of sodium dichromate in 10 ml. of 5% sulfuric acid was then added 
to the reaction mixture. The solution was warmed on tho steam-bath for 30 minutes and then 
cooled. Extraction with ether and evaporation of the ether gave an orange gum. CrystaLlli- 
sation from methanol gave mixed gum and crystals. Sublimation a t  80-100" and 0.2 mna. 
gave 76 mg. (17%) of yellow needles of the quinone, m.p. 88-49'. 

Reduction o f 4 b  ,5,6,7,8,20-hezahydr0-8-methyl-l , 4-phennnthrene~uinone. The quinone (50 
mg.) was dissolved in 10 nil. of 60% acetic acid to  give a yellow solution. Solid sodium hypo- 
sulfite was added with Rtirring until the  solution was colorless. ( A  transient green color wae 
observed, and if the solution was allowed t o  stand in the presence of air, it slowly changed 
back t o  green,) Evaporation of the reaction mixture under reduced pressure gave 26 mg. 
(52%) of colorless needles of tho hydroquinone, m.p. 165-169". 
6,3, Ja, 4b ,6,6,7,8, IO, loa-Decahydro-8-methyl-l ,~$-phenanthrenepuinone. The initial ad- 

duct (V) (300 mg.) was dissolved in 20 ml. of glacial acetic acid and 0.5 g. of zinc dust was 
sdded. The mixture was shaken vigorously for five minutes and then filtered. The filtrate 
was evaporated t o  dryness and the residue extracted with benzene. Evaporation of the  
benzene gave mixed crystals of needles and prisms. Recrystallization from methanol gave 
108 mg. of long needles of the dione (VI),  m.p, 116-118°. Remystallination from methanol 
raised the melting point, to  217-118". 

Anal. Calc'd for C l s H z ~ O ~ :  C, 77.5; H, 8.66. 
Found: C, 77.1; H, 5.68. 

SUMMARY 

Several attempts to eff ecf a, Diels-Alder reaction between 2-methyl-P-viiiyl- 
cyclohexene (I) and quinone failed. In  the preparation of I, an isomeric diene 
6-methg~l-l-vinyIcyclohexene (PI) i s  also fomed, which reacts readily with 
quinone. Tho structure of this adduct wm proven and several of its reactions 
were investigated. 

STATE COLLEGE, PBNNA. 
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